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INTRODUCTION
• Methionine Aminopeptidase 2 inhibitors (MetAP2i) have been developed as potential therapies for 

metabolic diseases.
• In obese patients with type 2 diabetes, MetAP2i improve glycemic control and reduce fat mass, LDL 

cholesterol, and C-reactive protein. 1 
• In preclinical models MetAP2i impede hepatic fibrosis following CCl4 injury, and block hepatic stellate 

cell activation from growth factors. 2 
• We tested fumagillin, a prototype covalent irreversible MetAP2i, and ZGN-839, a competitive reversible 

liver-directed MetAP2i with high first-pass hepatic uptake for nonalcoholic steatohepatitis (NASH)-
related endpoints in a mouse model.

OBJECTIVES

• This study explored fumagillin, a covalent irreversible MetAP2i, and ZGN-839, 
a competitive, reversible liver-directed MetAP2i for NASH-related endpoints in a 
neonatally steptozotocin-induced hyperglycemic NASH diet mouse model

METHODS

Experimental Methodology
• Hyperglycemia was induced in male C57Bl6 mice by neonatal streptozotocin injection.
• At about 6 weeks of age, the mice were placed on a NASH-inducing high-fat diet containing 40% Kcal 

fat, 20% Kcal fructose and 2% cholesterol. An age matched control group of mice received the neonatal 
streptozotocin injection, but not the NASH diet, n=4.

• At 8 weeks of age, a baseline cohort of mice was terminated for analysis (n=8), and remaining mice were 
placed in study to compare treatment with ZGN-839 (6 mg/kg/day) or fumagillin (1 mg/kg/day) as a 
food admixture for 6 weeks, versus the diet alone. n=8 mice per group.
• Body weight, non-fasting blood glucose, serum alanine aminotransferase (ALT) and aspartate 

aminotransferase (AST) were measured during the 6 weeks of treatment.
• After 6 weeks of treatment, at termination, livers were collected for morphologic and biochemical 

analysis and were compared to vehicle treated mice terminated at the same time.  
• Liver weight, liver hydroxyproline, and liver triglycerides were measured.
• NASH scores (the sum of fibrosis, steatosis, lobular inflammation, and ballooning degeneration 

scores) were determined.
• Preneoplastic lesions were assessed.

Statistical Analysis
• Data are the mean and standard error of the mean.  Comparisons between groups were made using 

one-way ANOVA with Dunnett’s multiple comparisons test, unless otherwise indicated (GraphPad  
Prism v7.03). 

RESULTS

1) Body Weight

Treatment with ZGN-839 had no effect on body weight
• At the start of treatment (age 57 days) average body weights for all groups were similar, and ranged 

from 21.9 to 22.6 g.
• Vehicle treated mice on the NASH diet gained 17.9% body weight over the 6-week course of treatment 

(Figure 1).
• ZGN-839 treatment had no effect (17.7% body weight gain).
• Treatment with fumagillin reduced weight gain (0.5% body weight gain).

Figure 1. Body weight over 6 weeks of treatment

2) Blood Glucose

Non-fasting blood glucose was decreased in diabetic NASH mice treated with MetAP2i 
• At start of treatment all groups had mean non-fasted glucose levels of 527–586 mg/dL.
• Control mice on the NASH diet treated with vehicle had average non-fasted glucose levels 19.6% 

higher (630 vs 527 mg/dL) than baseline after the 6-week course of treatment.  In contrast, ZGN-839 
decreased average glucose levels from baseline by 9.8% (517 vs 573 mg/dL, p <0.01), and fumagillin 
decreased glucose levels from baseline by 39.3% (356 vs 586 mg/dL, p <0.001) Figure 2.

• Compared to the control mice on the NASH diet treated with vehicle, non-fasted glucose during 
treatment (average of days 71, 87 and 100) was reduced by 25% with ZGN-839 (448 vs 601 mg/dL, p 
<0.05), and by 46% with fumagillin (325 vs 601 mg/dL, p <0.001).

Figure 2. Non-fasting (random) blood glucose over 6 weeks of treatment

3) Liver Transaminases

Liver transaminase levels significantly decreased in diabetic NASH mice treated with MetAP2i 
• Liver enzymes ALT and AST were elevated at baseline (Figure 3).
• After the 6-week course of treatment, ZGN-839 reduced ALT by 56% compared to the control mice on 

the NASH diet treated with vehicle (197 vs 451 U/L, p = 0.047), while fumagillin reduced ALT by 52% 
(223 vs 451 U/L, p <0.095).

• ZGN-839 reduced AST by 69% compared to the control mice on the NASH diet treated with vehicle (160 
vs 523 U/L, p = 0.0021), while fumagillin reduced AST by 57% (223 vs 523 U/L, p <0.0099).

Figure 3. Liver transaminases over 6 weeks of treatment

4) Liver Weight

The increased liver:body weight ratio was reduced in diabetic NASH mice treated with MetAP2i
• At termination, the liver:body weight ratio was doubled in control mice on the NASH diet compared to 

naïve age-matched control mice (Figure 4).
• After the 6-week course of treatment, ZGN-839 reduced the liver:body weight ratio by 30% (0.109 vs 

0.155, p = 0.037), and fumagillin reduced the liver:body weight ratio by 27% (0.113 vs 0.155, p = 0.057).

Figure 4. Liver:Body Weight Ratios

5) Liver Hydroxyproline and Triglycerides

MetAP2i non-significantly affected liver hydroxyproline and triglyceride levels
• Liver hydroxyproline was modestly elevated in the control mice on the NASH diet compared to naïve 

age-matched control mice (Week 6 of Tx; non-significant), and treatment with the MetAP2i prevented 
this increase (non-significant) (Figure 5).

• Liver triglycerides were significantly elevated in the control mice on the NASH diet compared to naïve 
age-matched control mice (p <0.001).  Treatment with ZGN-839 and fumagillin lowered triglycerides by 
27% (0.156 vs 0.215 mM) and 35% (0.177 vs 0.215 mM), respectively, compared to vehicle control mice 
after 6 weeks of Tx, although neither change was statistically significant.

Figure 5. Liver hydroxyproline and triglycerides 

6) NASH/Fibrosis Scores

NASH scores were significantly reduced with MetAP2 inhibitors
• The NASH score is the combined score of fibrosis (0–4), steatosis (0–3), lobular inflammation (0–3), and 

ballooning degeneration (0–2).
• At baseline, age matched controls had a NASH score of zero and the NASH diet controls had a score of 3.
• From baseline, the NASH score in the control mice on the NASH diet increased by 154% (from 3.0 to 

7.6), showing a progressive liver pathology (Figure 6).
• Both MetAP2i significantly lowered the NASH scores relative to the control mice on the NASH diet at 

Week 6 of treatment:
• The score for the ZGN-839 treated mice was 41% lower (4.5 vs 7.6, p <0.001).
• The score for the fumagillin treated mice was 34% lower (5.0 vs 7.6, p <0.001).

Figure 6. NASH Scores 

Fibrosis scores were significantly reduced with MetAP2i
• At baseline, age matched controls had a fibrosis score of zero and the NASH diet controls had a score of 1.0.
• From baseline, the fibrosis score in the control mice on the NASH diet increased by 150% (from 1.0 to 

2.5), showing a progressive liver pathology (Figure 7).
• Both MetAP2i significantly lowered the fibrosis scores relative to the control mice on the NASH diet at 

Week 6 of treatment:
• The score for the ZGN-839 treated mice was 40% lower (2.5 vs 1.5, p <0.001).
• The score for the fumagillin treated mice was 40% lower (2.5 vs 1.5, p <0.005).

Figure 7. Fibrosis Scores 

7) Preneoplastic Lesions

Appearance of preneoplastic lesions was significantly reduced with MetAP2i 
• A pathologist assessed the frequency of observed abnormal preneoplastic cells.
• Preneoplastic cell alterations were scored by counting the frequency of occurrence of any of the 

following:
• Eosinophilic/basophilic focus of cellular alteration (FCA)
• Clear FCA
• Dysplastic foci
• Dysplastic nodules
• Adenoma
• Hepatocellular carcinoma (HCC)

• From baseline to Week 6 of treatment, there was a marked appearance of preneoplastic cells in the 
liver of control mice on the NASH diet (Figure 8).

• Both MetAP2i significantly lowered the number of preneoplastic lesions relative to the vehicle treated 
mice on the NASH diet at Week 6 of treatment:
• The ZGN-839 treated mice had an 89% lower number of lesions (0.5 vs 4.5, p = 0.0177).
• The fumagillin treated mice had an 81% lower number of lesions (0.9 vs 4.5, p = 0.0317).

Figure 8. Preneoplastic Lesions 

CONCLUSION

• MetAP2i attenuated liver injury, the NASH composite score, and the fibrosis score in 
a diabetic mouse model of NASH.  

• Notably, both ZGN-839 and fumagillin diminished the appearance of preneoplastic cells and 
foci, suggestive of modification in the progressive disease process. 

• Benefits may be derived from improved glycemic and metabolic endpoints to reduce the 
progression of fibrosis.

• These results show that MetAP2i, independent of weight loss, improve metabolism and can 
significantly reduce hepatic injury, supporting further investigation as a therapeutic option 
for patients with nonalcoholic fatty liver disease (NAFLD)/NASH.
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